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Study objective: To described the association among venom 
antigenemia, serum antivenom concentrations, and venom effects 
in a 53-year-old woman who was bitten by a Western diamond- 
back rattlesnake (Crotalus atrox). 

Methods: The patient was enrolled in a multlcenter trial of an 
investigational Fab antivenom. Her clinical condition and coagu- 
lation parameters were monitored for 2 weeks after the bite. 

Results: After antivenom administration, the progression of the 
venom's effects was arrested. The antivenom reversed some local 
venom effects, caused venom antigens to disappear from the 
blood, and resolved the patient's profound thrombocytopenia (be- 
fore antivenom, 12,000/mm^; 1 hour after antivenom, 227,000/ 
mm^). Local venom effects recurred twice in the 24 hours after 
antivenom administration but were easily managed with additional 
Fab antivenom. Venom antigenemia was detected on days 5 and 
8 after the initial treatment and was accompanied in one instance 
by the new onset of hypofibrinogenemia (119 mg/L) that resolved 
spontaneously and in both instances by renewed profound thrombo- 
cytopenia. Repeat Fab antivenom doses on days 6 and 9 were fol- 
lowed by increases in platelet count (from 1 6,000 to 40,000/mm^ 
and from 11,000 to 20,000/mm3, respectively) and by the reduction 
or disappearance of venom antigenemia. The patient sustained 
no significant bleeding complications, and all laboratory values 
had returned to normal 2 weeks after the bite. 

Conclusion: Initial control of local symptoms and coagulopathy 
was prompt after the administration of Fab antivenom. Repeat 
doses during the 24 to 36 hours after a bite may be necessary for 
local control. Recrudescence of coagulopathy was likely due in 
part to renewed venom antigenemia after clearance of Fab anti- 
venom. The role of Fab antivenom in the treatment of recurrent 
coagulopathy requires further study 

[Seifert SA, Boyer LV, Dart RC, Porter RS, Sjostrom L: Relationship 
of venom effects to venom antigen and antivenom serum concen- 
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trations in a patient with Crotalus atrox emenomaim treated 
with a Fab antivenom. Ann Emerg /Wet/ July 19g7;30:49-53.] 



INTRODUCTION 

Crotalid venom may produce a coagulopathy consisting of 
thrombocytopenia, hypofibrinogenemia or both. In many 
cases, patients exhibit prolonged coagulopathic manifesta- 
tions, with coagulopathies persisting as long as 2 weeks 
after envenomation, ^"^ 

Recurrence of coagulopathy after complete normalization 
has also been reported/ These effects have not previously 
been related to circulating serum concentrations of anti- 
venom or venom antigens in crotalid envenomation. We 
report a case of recurrent local and coagulopathic venom 
effects linked to reciprocal serum concentrations of venom 
antigens and of an investigational Fab antivenom (CroTAb 
polyvalent crotalid antivenin, ovine Fab; Therapeutic 
Antibodies).^ 



CASE REPORT 

A 53-year-old woman presented to the ED 2 hours after 
being bitten in the first web space of the left hand by a snake 
identified by trained fire department personnel as a large 
Western diamondback rattlesnake (Crotalus atrox). Edema 
had progressed to a point just below the shoulder. Initial 
coagulation parameters were notable for thrombocytopenia 
(Table). 

The patient gave informed consent for enrollment in a 
multicenter clinical trial of Fab antivenom, which had re- 
ceived institutional review board approval. She was given 
six vials (750 mg/vial) of Fab antivenom infused intrave- 
nously over 1 hour in keeping with the investigational pro- 
tocol. Proximal progression of edema and circumferential 
enlargement of the patient's hand, forearm, and arm ceased 
during the infusion. The patient's platelet count returned 
to normal within an hour of the end of Fab antivenom ad- 
ministration. Fibrin degradation products (FDPs) appeared 
12 hours after the initial treatment. 

Local symptoms recurred 6 and 14 hours after the initial 
Fab antivenom dose. Two additional vials of Fab antivenom 



Table. 

Timing, antivenom doses, coagulation parameters, and Fab and serum venom concentrations. 
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were given after each recurrence. Proximal progression 
ceased during each 1-hour infusion period, and upper-arm 
circumference decreased by 3 cm on the first occasion and 
4.5 cm on the second, over a 6- to 8-hour period following 
infusion. No further local recurrences were noted. The plate- 
let count remained above 220,000/mm^, no other coagula- 
tion parameter abnormalities were noted during the patient's 
36-hour hospitalization. 

The patient returned for clinic follow-up 5 days (135 
hours) after the bite. Laboratory evaluation was notable for 
recurrence of profound thrombocytopenia, mild hypofibrin- 
ogenemia, and persistence of FDPs. 

The administration of two vials of Fab antivenom on day 
6 produced a prompt increase in platelets, but this increase 
was less pronounced than the response after the first dose 
of antivenom. Two days later, the platelet count had again 
decreased. The platelet count again responded to two more 
vials of Fab antivenom, but this response was still smaller 
than the second. 

The patient's fibrinogen concentration was normal 
throughout hospitalization but was noted to increase sharply 
after the initial dose of Fab antivenom. FDPs became detect- 
able shortly after admission and remained so until discharge. 
The fibrinogen concentration was mildly decreased at the 
first follow-up visit and associated with continued presence 
of FDPs. The fibrinogen concentration spontaneously re- 
turned to normal before antivenom was given on day 6. 
FDPs remained detectable for 3 more days, but the fibrino- 
gen concentration remained normal. The patient experienced 
no spontaneous hemorrhage, and all laboratory values had 
returned to normal by the end of 2 weeks. 

Free Fab antivenom and venom antigen concentrations 
were later assayed in the specimens drawn during the course 
of the patient's care. The three blood specimens obtained 
between 150 and 200 hours after antivenom infusion were 
inadvertently discarded before Fab antivenom and venom 
antigen analysis. Venom antigens were detectable in the ear- 
liest blood specimen but were undetectable in the specimen 
obtained 1 hour after the initial dose of Fab antivenom. 
They remained undetectable during the local recurrences 
and through discharge. Venom antigens were detectable on 
the first follow-up visit, when Fab antivenom concentrations 
had decreased and on days 6 and 8, also in association with 
low Fab antivenom concentrations, after which time venom 
antigens were no longer detectable. 



DISCUSSION 

In our patient, the progression of local findings ceased 
promptly after Fab antivenom administration and recurred 



twice during the first 24 hours. In both instances, adminis- 
tration of additional Fab antivenom was associated with 
prompt cessation of progression and some reversal of local 
findings. In preliminary work, a relatively short half-life of 
2.5 hours was found for free Fab.^ Because no serum venom 
antigens were detected, we postulate that a depot of un- 
neutralized venom formed at the bite site and caused the 
recurrence of local symptoms once circulating free Fab anti- 
venom decreased below a protective concentration. Progres- 
sion of local symptoms can persist in the 24 to 36 hours after 
an untreated bite, as well as bites treated with whole IgG 
antivenom. ^'^^ 

Fibrinogenolysis, destruction of other coagulation factors, 
and thrombocytopenia are common features of crotaHd en- 
venomation.^"^^ The prompt and dramatic initial increase 
in platelet count, as well as the increase in serum fibrinogen 
concentration after the initial Fab antivenom dose in our 
patient, suggests neutralization of venom, with reversal of 
its coagulopathic effects, by the Fab antivenom. The speed 
of the platelet response suggests this was most likely the 
result of reversal of venom- induced aggregation. After this 
initial response, we noted what appeared to be delayed 
hypofibrinogenemia and recurrent thrombocytopenia. 

In our patient's case, fibrinogenolysis was most likely an 
ongoing process beginning shortly after envenomation, as 
evidenced by the initial increase of serum fibrinogen concen- 
tration immediately after administration of Fab antivenom 
and the early appearance of FDPs. Because FDPs did not 
clear before the patient's discharge, it is uncertain whether 
complete cessation of fibrinogenolysis occurred. The new 
onset of hypofibrinogenemia at 5-day follow-up therefore 
reflects not a delayed coagulopathy but a prolonged or re- 
current coagulopathy and was linked temporally to the 
reappearance of detectable serum venom antigens. Sponta- 
neous resolution occurred in this case. 

We noted recurrent thrombocytopenia after apparent 
resolution following the initial dose of Fab antivenom. As 
with fibrinogen, the process may have been occurring at a 
rate that permitted a return to normal levels through the 
period of hospitalization once venom-induced aggregation 
had been reversed. However, recurrence of thrombocyto- 
penia was also linked temporally with the recurrence of 
serum venom antigens. In our patient, the association of 
recurrent thrombocytopenia and hypofibrinogenemia with 
recurrent venom antigenemia, as well as the response of 
platelet count to Fab antivenom in each instance, suggests 
recurrent venom effects. The similarity of early and late coag- 
ulopathies also supports this likelihood. A nonspecific cause 
of coagulation parameter consumption would be expected 
to result in a generalized decrease in coagulation compo- 
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nents, not just the particular factors involved early in the 
course, and not to the same extent. However, because no 
specimens were taken between discharge and 5 days, it is 
uncertain exactly when the first recurrence occurred and 
whether it was entirely the result of ongoing venom activity 
or whether it was in part the result of other modes of in- 
creased platelet destruction. The progressively lesser magni- 
tude of the response in platelet count to late Fab antivenom 
indicates decreased direct effectiveness of Fab antivenom, 
a context of progressively depleted platelet availability, or a 
combination of such processes. The development of human 
antisheep antibodies could impair late Fab antivenom neu- 
tralization of venom. However, the initial recurrence in our 
case occurred on day 5 , a significantly shorter period than 
the development of human antimouse antibodies, which 
are known to be produced within 7 to 10 days of exposure. 
Antibodies to ovine Fab antivenom require more than 3 
weeks in the rabbit and 6 weeks in the baboon to develop. ■'■^ 

Possible mechanisms of decreased platelet availabihty 
included decreased responsiveness of platelets to deaggre- 
gation, increased rates of platelet destruction, and depleted 
or impaired marrow stores. Deaggregated platelets in con- 
texts other than snakebite have been shown to have short- 
ened half-lives. Increased destruction could also be due 
to sequestration of platelets in damaged tissue or sensitiza- 
tion resulting from vascular endotheUal damage. Simon and 
Grace demonstrated sequestration of platelets in the dam- 
aged tissue at the sites of pit viper bites in rabbits. Increased 
consumption of platelets resulting from damaged vascular 
endothelium is reported to occur in C horridus horridus en- 
venomation.^ Decreased regeneration from marrow injury 
has not been demonstrated after envenomation by C hor- 
ridus horridus^ or Cwtalus ruber ruber^ (the red diamond 
rattlesnake).-^ 

Recurrence of previously corrected coagulopathy has 
followed complete resolution of coagulopathy in otherwise 
adequately treated patients. Hardy reported two cases 
of recurrent thrombocytopenia in patients bitten by the 
northern blacktail rattlesnake (Crotalus molossus molossus). 
In the first case, the patient was treated with 30 vials of anti- 
venom (polyvalent antivenom; Wyeth) with complete nor- 
malization before recurrence. In the second case the patient 
received 21 vials of antivenom and had near-normalization 
of platelet count before recurrence.^ Evidence linking the 
decrease of antivenom concentrations with recurrent venom 
antigenemia and recurrent coagulopathy has been demon- 
strated in noncrotalid envenomation. Gillissen^*^ demon- 
strated recurrent thrombocytopenia and hypofibrinogenemia 
in an Echis 'pyramidum'— complex envenomation linked tem- 
porally to the decrease of antivenom concentrations in the 



blood. In this case, venom antigens were still detectable 13 
days after envenomation. Ho and colleagues -"-^ showed an 
inverse relationship between venom and antivenom (horse 
IgG) titers in the bite of the Malayan pit viper (Calloselasma 
rhodostoma) .^^ Thus it appears that a depot of venom com- 
ponents may remain in the body for weeks after envenoma- 
tion and is capable of producing prolonged or recurrent 
coagulopathic effects when protective serum concentrations 
of antivenom are lost. 

It is unknown whether the Fab antivenom-venom com- 
plexes can dissociate and serve as a source of recurrent 
venom antigenemia. Recurrence of increased digoxin con- 
centrations and toxicity has been demonstrated in patients 
with digoxin toxicity who were treated with an ovine di- 
goxin-specific Fab (Digibind; Glaxo Wellcome). This phe- 
nomenon appears to be due to redistribution of digoxin 
from the extracellular space after the decrease of free Fab 
concentrations. Dissociation of circulating Digibind-digoxin 
complexes, however, does not appear to occur, even in 
patients with impaired kidney function and prolonged circu- 
lation of Digibind- digoxin complexes. 

In our patient, neutralization of the local effects of North 
American crotalid envenomation was rapidly achieved with 
an investigational Fab antivenom but recurred during the 
24 hours following the bite, and local recurrence was not 
associated with recurrent venom antigenemia. In patients 
treated with Fab antivenom, periodic dosing may be nec- 
essary in the 24 to 36 hours following the bite for control 
of persistent local symptoms. Coagulopathy was likewise 
rapidly controlled, but recurrent venom antigenemia appears 
to have been responsible, at least in part, for recurrent 
thrombocytopenia and hypofibrinogenemia. The clinical 
implications of a recurrent mild or isolated coagulopathy 
and the usefulness of late Fab antivenom administration is 
unclear and merits additional study. 
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APPENDIX: METHODS OF FREE Fab ANTIVENOM AND VENOM ANTIGEN DETECTION 

Venom antigen quantitation and free Fab antivenom quantitation were performed by Therapeutic Antibodies, Incorporated. 

Serum was saved from each blood sample and refrigerated until analysis. 

For measurement of venom concentrations, a conventional sandwich ELISA was developed. The capturing antibody 
(Fab antivenom 5 pg/mL; 100 pg/well in NaHCOg buffer; .1 mol/L, pH 9.6) was absorbed to microtiter plates overnight 
at 4° C. After five washes (300 pIVwell) with assay buffer (Na^PO^ 10 mmol/L, NaCl .8%, KCl .02%, Tween-20 .1%, pH 
7.4), the plate was incubated with doubling dilutions of the standard (1:1:1:1 mixture of venom from Crotalus adamanteus, 
C atrox, C scutulatus, and A piscivorus, 5 mg/L) or sample (100 ng/mL, 100 pL) followed by sheep antihorse antiserum 
coupled to horseradish peroxidase (1:500, 100 pL) and developed with the use of a substrate solution (o-phenylenediamine; 
.1% in 0.07 mol/L citrate buffer, pH 5, containing .02% H^^O^). The reaction was stopped after 10 minutes with sulfuric 
acid (3 molT-, 50 pL/well) and the absorbance recorded at 492 nm. Normal sheep serum (.1%) was included in all buffers to 
reduce nonspecific binding, as proposed by Ho et al.^^ The two antisera used in the ELISA are raised with the use of the 
four different venoms. The binding to venoms from C atrox and C adamanteus is higher (range, .005 to 2 mg/L) than that to 
venom from C scutulatus and A piscivorus (range, .01 to 10 mg/L). 

In another ELISA developed to measure free specific Fab antivenom (ie, that portion of the administered Fab antivenom 
not bound to venom), microtiter plates were coated with a 1 : 1 : 1 : 1 mixture of venom from C adamanteus, C atrox, C scutulatus, 
and A piscivorus (5 pg/mL, 100 pL). The buffers and incubation times described above were used. 

After washing, the plate was incubated with doubling dilutions of a Fab antivenom standard (Fab antivenom, 10 mg/L) 
or samples (100 pL) for 1 hour at 37° C, followed by donkey antisheep antiserum coupled to horseradish peroxidase accord- 
ing to the method of Nakamura et al.^° Plates were finally developed as described above and the absorbence recorded at 
492 nm with the use of a Flow Titertek Multiscan microplate reader. Plasma samples were diluted in assay buffer. The non- 
specific binding was low (OD^gjnm"-^^''- '^^^ minimum detectable Fab antivenom concentration (defined as that producing 
an effect greater than 2 SDs from 20 determination of zero analyte) was 10 pg/L. 

Microtiter plates (Nunc) were obtained from Gibco BRL (Paisley, United Kingdom). Normal sheep serum and donkey 
antisheep and sheep antihorse sera were purchased from Polyclonal Antibodies, Limited (Dyfed, United Kingdom). Venoms 
were purchased from Venom Research Laboratory. Crotalid polyvalent antivenom Fab antivenom were obtained directly 
from the manufacturer, Wyeth. The remaining chemicals were obtained from Sigma Chemical Company (Poole, Dorset, 
United Kingdom). 
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